The objective of the study was to examine choice of anesthesia for total hip arthroplasty (THA) and total knee arthroplasty (TKA) in different provinces of Canada over a five-year period.
INTRODUCTION
Total hip arthroplasty (THA) and total knee arthroplasty (TKA) are common surgical operations requiring high quality anesthesia and post-operative analgesia to provide optimal patient care and to enable effective rehabilitation. Neuraxial anesthesia (NA = spinal and epidural) has gained acceptance as the optimal anesthetic choice over general anesthesia (GA) in these operations. NA is associated with a lower 30-day mortality rate after THA/TKA and a more favorable 30-day complication profile. 1, 2 NA for THA and TKA has also been shown to offer shortterm benefits such as lower incidences of wound infection, transfusion, better pain control postoperatively, and possible reductions in length of stay, 3, 4 and in-hospital falls over GA. 5, 6 NA is also observed to reduce combined major complications such as cardiac complications; pulmonary complications, deep venous thrombosis; cerebrovascular accidents; infections; and acute renal failure, and gastrointestinal complications by a minimum of 11%. 5 These benefits were further amplified for older patients and those with multiple comorbidities. 3, 5 Further, a high risk of thirty day complication was observed for patients receiving hip fracture surgery with GA compared to NA. 7 Although research shows several benefits associated with NA, the Agency of Healthcare Research and Quality noted that it can sometimes take up to a decade or two to translate research findings into clinical practice. 8 Despite the documented benefits of NA, in a sample of anesthetic practice for THAs and TKAs across the United States, GA accounted for 61.5% of THAs and 55.3% of TKAs. 9 In addition, two thirds of total joint replacements were done under GA at teaching institutions (TIs) and surgery centers. In a recent cohort study carried out in Ontario, approximately 80% of patients undergoing joint replacement surgeries received NA, compared to 20% who received GA; 1 however, pan-Canadian data on the topic is unavailable.
The primary objective of this study was to describe the use of different anesthesia types in Canada for THA and TKA over a five-year period (fiscal years). The second objective was to examine trends in choice of anesthesia type by year, by province, and between teaching and non-teaching institutions (NTIs). It was hypothesized that consistent with the study carried out in United States; overall, GA would be used more frequently than NA for THA and TKA. Further, a difference in anesthetic preferences between teaching and NTIs was expected.
METHODOLOGY Study Design and Data Source:
Ethics approval for this study was obtained from the 
Cohort:
Data from all individuals receiving a THA or TKA surgery in an acute inpatient facility during the study period was examined. This data captures both elective and urgent/emergent cases and is inclusive of newborns and deaths; however, it excludes stillbirths, cadaveric donations, interventions performed out of hospital, and interventions abandoned based on individual patients' admission category.
Teaching Institution (TI) was defined as a patient care organization with a publicly stated tripartite mandate of care, training, and research. They include research hospitals, regional health authorities, and their research institutes. They may be single or multi-site corporations.
Non-teaching Institution (NTI) was defined as patient care organization without a publicly stated tripartite mandate of care, training, and research. They include hospitals, regional health authorities, and their affiliated institutes. They may be single or multi-site corporations.
Outcomes:
The anesthetic type used in the surgery was the primary outcome variable and categorized as: (1) GA, (2) neuraxial anesthetics (spinal, epidural and combined spinal epidural [CSE], the latter of which was added in FY 2015-16), (3) combined (general and spinal), and (4) others (consisting of other nerve block, monitored anesthetics care, local anesthesia, no anesthetics given with intervention, unknown, other anesthetics not listed and not administered or monitored by an anesthetist, not available, and cells that are suppressed in accordance with CIHI's cell suppression practice as these cells contain counts of 1-4). Total numbers of THAs and TKAs carried out with each anesthetic type was grouped by years and by institution type TIs or non-teaching institution (NTI), 10 within each province, excluding Quebec. The data was organized separately for THAs and TKAs. The Northwest Territories, Yukon and Nunavut were combined under the category TE.
Statistical Analysis:
Descriptive statistics (category sums and percentages) were used to describe the anesthesia type selected for both types of surgical procedure. All cases were included in the analysis. Non-parametric statistics (Pearson's Chi-square test) were used to measure the association between the independent variables (year, province, hospital teaching status) and choice anesthetic practice and total hip and knee replacement original article of anesthesia type. Data were analyzed using the Statistical Package for Social Sciences (SPSS, version 22.0), Armonk, NY: IBM Corp. For all analyses, p < 0.05 was accepted as statistically significant. Relative risk (95% confidence intervals) was reported for significant interactions and the strength of association between variables (effect size) was represented as Cramer V. 11 The value of Cramer's V ranges from 0 to +1 inclusive, with effect sizes defined as small (0.1), medium (0.3), or large (0.5). 12, 13 Abbreviations used in this paper for the provinces of Canada are given with population in Appendix 1.
Missing data:
In all tables and graphs N < 5 is replaced by [*] in keeping with CIHI data reporting regulations. In 462 THAs and 513 TKAs, the anesthesia type could not be determined as they represented cells less than five. Institution 
RESULTS
Out of 159 institutions included, 115 (72.3%) were NTI and 44 (27.7%) were TI. In the study period, 137,218 THAs and 204,671 TKAs were performed. In total, 78,139 THAs and 127,931 TKAs were performed in NTI compared to 58,754 THAs and 76,367 TKAs performed in TI.
Total-Hip Arthroplasty:
NA was most commonly used (N = 102,525; 74.7%) followed by GA (N = 28,703; 20.9%); combined (N = 5,112; 3.7%); and others (N = 878; 0.6%). Figure 1 indicates, NA use increased to 75.9% in 2015 (relative risk 0.97; 95% CI, 0.96 to 0.98) from 73.5% in 2011. The association between year and type of anesthesia was significant (p < 0.001, but small, Cramer's V = 0.02).
NA was most commonly used in both institutions (N NTI = 59,569; 76.2%; N TI = 42,956; 73.1%) followed anesthetic practice and total hip and knee replacement by GA (N NTI = 15095; 19.3%; N TI = 13608; 23.2%), and combined (N NTI = 3278; 4.2%; N TI = 1834; 3.1%). The association between the institution type and type of anesthesia was significant (p < 0.001, but small Cramer's V = 0.05). In New Brunswick (NB; 61.2%) and Nova Scotia (NS; 67.9%) GA was preferred over NA ( Figure 2 ). Table 1 , NA use increased in NS (22.1% in 2011 to 37% in 2015; relative risk, 0.6; 95% CI, 0.52 to 0.69). The association between year of surgery and type of anesthesia in NS was significant (p < 0.001; but small Cramer's V = 0.2). NA increased in Manitoba (MB; 90.6% in 2011 to 92.7% in 2015; relative risk, 0.98; 95%CI, 0.97 to.99). The association between year and type of anesthesia in MB was significant (p < 0.03; but small Cramer's V = 0.04).
As seen in

Total-Knee Arthroplasty:
NA was most commonly used (N = 164,321; 80.3%); followed by GA (N = 31,694; 15.5%); combined (N = 7,282; 3.6%) and others (N = 1,374; 0.7%). Figure  3 indicates NA use increased from 78.9% in 2011 to 81.9% in 2015 (relative risk .96; 95% CI, 0.95 to 0.97).
The association between year and type of anesthesia was significant (p < 0.001, but small Cramer's V = .04). NA was most commonly used in both institutions (N NTI = 103027, 80.5%; In NB (46.5%) and NS (57.2%) GA was preferred over neuraxial ( Figure 4) . Table 2 shows NA use increased in NS (37.2% in 2011 to 44.4% in 2015; relative risk .84; 95% CI, 0.77 to 0.91). The association between year and type of anesthesia in NS was significant (p < 0.001, but small Cramer's V = 0.1). NA use increased in MB (92.1% in 2011 to 96.5% in 2015; relative risk, 0.97; 95%CI, 0.95 to 0.98). The association between year and type of anesthesia in MB was significant (p < 0.001; but small Cramer's V = 0.1).
DISCUSSION
The results of this analysis show that contrary to the stated hypothesis and observation made in other studies, 9, 14 NA was the anesthetic of choice for both THA and TKA during the entire study period in Canada. NA was most frequently compared to GA in both nonteaching and TIs. I n t e r -p r o v i n c i a l comparisons revealed an almost acrossthe-board preference for NA, with the exceptions being NB and NS, where GA was more frequently used. Use of NA within the individual provinces, for both THAs and TKAs, increased gradually with a modest gradual decrease in use of GA. MB had the highest utilization of NA and showed a steady increase in neuraxial utilization, 90.6% -94.5% for THA and 92.1% -96.5% for TKA during the study period. The noted increase in use of GA in NB and NS stood in contrast to Newfoundland (NL) and Prince Edward Island (PE), which are in the same geographic region as NB and NS. The noted increase in use of GA in NB and NS is also in contrast with Saskatchewan, all three provinces have comparable surgical volumes, but NA was preferred in Saskatchewan.
Overall the anesthetic preference in provinces with large surgical volumes, such as British Columbia and Ontario, was comparable to provinces with smaller surgical volumes, such as PE and TE. Interprovincial differences in rates of healthcare use and levels of income-related inequity have been reported in previous research. 15 CIHI data also indicates interprovincial differences, with longer wait times for hip and knee surgery in NB and NS compared to other provinces in Canada. 16 However, our study shows that in NB (not statistically significant) and NS, the use of NA has increased gradually. Whether it is an incidental finding or a determined effort to change can be explored in a future study. Speculatively, a change in anesthesia practitioners' team or a shift in systemic policy could account for this type of change.
Literature review indicates that NA is not adopted universally. 14 19 Further, in a randomized trial for TKAs GA was associated with better outcome such a short length of stay, less nausea, vomiting and dizziness, less pain 6 hours after surgery, less usage of analgesia and morphine, patients were able to walk earlier and fewer patients requested a change in methods of anesthesia in their subsequent surgery compared to spinal anesthesia. 18 A more recent study in US has shown that use of NA is more predominant in medium sized and non-teaching centers. The same study observed a decrease in hospital cost when NA is used but other clinical outcome were similar irrespective of choice of anesthesia. Considering the volume of THAs and TKAs performed annually at any center reduced cost and comparable clinical outcomes might be desirable. 14 However, patient satisfaction, effective perioperative and post-operative pain control are important aspects of patient care and essential for effective rehabilitation. Factors such as patient preferences, comorbidities, surgical considerations and surgery type (elective/emergent) should be taken into account when determining anesthetics for patients, 17, 20 It would be neither possible nor appropriate to achieve a 100% rate of neuraxial use. We recommend a greater collaboration among the provinces to learn from each other's experience and facilitate compliance with best practices in developing an acceptable proportion of GA for THA and TKA. This is the first study exploring anesthetic preferences for THAs and TKAs in Canada. A difference in anesthesia preferences between Canada and United States is observed. 9, 14 In the United States, GA accounted for 55.3% and 61.5% of the total number of THAs and TKAs, respectively. 9 GA was preferred in academic institutions compared to nonacademic institutions, where NA was preferred, whereas in Canada, NA use was predominant in both the teaching and NTIs. 9 The choice of anesthesia type in Canada is more closely aligned with evidence-based best practices recommending neuraxial anesthetics for THAs and THAs. Canadian healthcare delivery system is comparable to other countries with similar demographics listed by Organization for Economic Cooperation and Development (OECD) 21 
LIMITATIONS
As a retrospective study analyses were restricted to data from administrative databases at CIHI which are not coded for research particularly and therefore relevant data might be missing or coded incorrectly, data can be misclassified during abstraction or not recorded at all. (Punctuation mark inserted) In the present study, patient level and admission level variables were not included; perioperative outcomes and data from Quebec were not reported. Other forms of single shot or catheter based regional techniques such as femoral or adductor canal blocks and Epidural vs. CSE (prior to 2015) could not be reported. Due to these, limitations only non-parametric tests were carried out, which suggest association between the variables without implicating causality. 23 The present study only aims to describe the choice of anesthesia type for joint surgeries across Canada during the study period without proposing any causal relationship between choices of anesthesia type with year, province or institution type. Nevertheless, administrative health data is widely employed in Canada and abroad to study health outcomes, 2,5,24 effectiveness, appropriateness and utilization of healthcare services and to identify pertinent research questions. 14, 23, 25 CIHI acknowledges the importance of data quality for member stakeholders and researchers. 26 Several measure are taken to ensure data quality, 26 and the data quality program of CIHI is recognized for its comprehensiveness and high standards both nationally and internationally.
CONCLUSION
Although the benefits of neuraxial anesthesia are well documented, this study is the first to examine the extent to which these recommendations were implemented across Canada. This study is important as it identifies provinces where there is opportunity for improvement. Follow-up studies can examine whether adherence to best practice also translates into positive patient outcomes nationwide and results in cost savings. This study provides a benchmark to ensure that in subsequent years, anesthetic practices at institutional, provincial and national levels remain closely aligned with best practices. In summary, neuraxial anesthesia was the anesthetic of choice across the majority of provinces in Canada for total hip and knee replacements, with a trend towards a modest increase in its use over the five-year study period.
Implication Statement:
The study findings can serves as reference for clinicians to better align their clinical practice with the recommended guidelines and with their center's practice trends. However, clinicians should also consider patient factors, patient satisfaction and effective pain management during and post-operatively while choosing appropriate anesthesia for THAs and TKAs. The study results will help guide future work that should examine clinical and cost benefits of using neuraxial anesthesia and identify most effective anesthesia for hip and knee joint replacements for our patient population.
She sat lonely in her ramshackle little house, more like a hut, unable to move much, for movement would send shivers of pain coursing through her back and knees. She squatted in her verandah, with her back resting against the wall, her walking stick lying beside her...waiting... waiting for her elderly husband to return home. For there was nobody else... Her husband had had a fight with her the night before and had punched her, knocking a tooth loose, which she proudly showed to me... In spite of the abuse, there was love in her eyes...and desperation...for it was that ageing and stooped man -her husband -who had cooked rice for her in the morning, helped her in ablutions, fed her and seated her in the verandah as he went looking for work so that he could feed her in the evening. Their only son had left for Vrindavan, only to get married and settle down there, never to return. It is very easy to be judgmental in the given circumstances, but as I recall her old husband, with bent spine, forced to look for work to feed them, with a son who had deserted them... I visualize a sad and tired old man, struggling to maintain his dignity and feed his wife. Her sari was dirty, stinking; but she proudly displayed the vermillion mark on her forehead, a symbol of womanhood and her married life. Nature had gradually robbed her of her sensory inputs...she was hard of hearing, had dim vision and spent most of the time with herself. Nature was kind. I gently slipped some money into her garnled hands and had to explain in detail its denomination in the local language... A fifty rupee note is explained as two twenties and one ten rather than a simple fifty. I guess in this way it makes it sound like a lot! Like a naughty child she whispered to me that she had thirty-five rupees stashed away, earned from selling wild berries last year, her eyes gleaming mischievously. I told her that I would get her a saree for the Durga Puja provided that she would don it, to which she nodded her head vigorously. She did not want to let us go, and it was with a heavy heart that I stooped to exit their doorway with a promise to return soon. The elderly are lonely...and in pain...more psychosocial rather than just physical. Elder abuse is a reality...it is the elephant in the room that nobody is ready to acknowledge. We are all ageing...; We are in the same boat brother... I shudder to think what will happen to this lady if her elderly husband dies before her, or worse if she has a fall and goes bedridden.... Have you any planning in place for your grey years...
Through thick & thin
Abhijit Dam
Medical Director, KOSISH-The Hospice, Bokaro General Hospital Jharkhand (India)
MY MOST MEMORABLE PATIENT
anesthetic practice and total hip and knee replacement
